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Introduction
This document reports the status of the experimental program being

éoncfucted to evaluate the effects of micrometeoroid impaction on spa‘q:ecrafl:

 _surfeces and the subsequent potential for contamination of the planet Mars.

Micrometeoroids impacting unsterile spacecraft surface materials will
cause the release of unsterils ejecta; creating a potential source of

contamination.

The experimental program essentially éonaiau of. subjecting typical
spacecraft matexials, intenticnally seedcd with a known level of biological.
contenination, to hypervelocity fupacts. The simulated micromsteoroids are
?ast iron projectiles with an average diamster of 5 microns, tmdling at
30,000 feet per second. The ejecta from the target mﬁethlc is collected

*

in a gelatin medfium for subsequent bioiogical assay.

- The General Rlectric Biosciences Operaticn - MOL Departicent, is responsible

for the target preparations acd post~test biological assay opetation's._ as
well as the ﬁaintenaqce of sterility of specimens and apparatus throughout

the test program.

The hypervelocity impsct test facility is lo;:ated at Morgantown, Peansylvania,
and {s directed ’andk operated by the General Electric Space Sciences Laboratory.
This experimantal study is now eseentiény complé:e{ The early test

activities, conducted to establish the feasibility 6£ this program, have

" been reported in the General Eiectrie Company, Voyager, Task C Bi-Monthly

.1. { i‘
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. .Reborta Nos. 1, 2, and 3, m formal experimental effort was defined

as a 32-test series in Bi-i'!onthly Raport No,4. Barly status of this

test series was preaente‘d. in Document No. VOY-C2-TM 10. As of the end

of January, 1967, the 32 tests have been completed, Preliminary bio-assay
data from theee tests is reported herein. Data reduction and analysis is
iun continuing and the final results will be released in a later publi-
cation. The iaterpretation and evaluation of this data, from the standpoint
of potentisl Mars contamination, will become a part of the overall Voyager
‘:l'askr C Planatery Quarantim 8enstMvity Studies. |



EERACEE = T

i 5B 1 o e i VL

o oY

STATUS REPORT

. EFFECTS OF SINULATED MICROMEZZEOROID IMPACT OW MICROBIOLOGICALLY
CONTAMIFATED SURFACES

A. Sumary

The objective of these l.imlnted micrometeoroid impact tegts is to
determing the n\mb;tr of vﬁblc microorganisms released from an artificlally
contaninated target. four materials, fopresenting those spacecraft surfaces
vhich will be predominantly exposed to micrometeoroild impact, have been
tested; 6061 aluminum, 2024 alunimum, Textolite,! and fused silica.
feoting to dats has been comzpleted op all target matarfals. These materials
wers tested, prepared with a low level (10z - 10%) and with a high level

(107 - 108) of spores of Bacillus subtilis var. piger per target.

‘ Preliminary evaluation of the results indicate that from < 1% to about 40%
of the innoculated spores may be released in a viable state from the impacted
side due to impsct. However, 75% of the data fndicate this range to be be-
tween 1% and 10%. Further analysis of these dats should provide infor-
mation as to the effect of the target material and thickness as vell\u
vhether there is a correlation betwaen the numbers of viadle organisas
teleased from the materisls and the number of pn.rtlclu {mpacting the
material. |

Ia several of the earlier documents referred t;o in the Introduction, it
vas explained that hypervelocity impacts msy produce three types of ejecta
sources; splash, spall and what ve have uined “table banging™. Splash and
spall ére both directly related to the craéer produced at impact and are,

1 Textolite - FPiberglass epoxy; Tradename of the General Electric

Company, Chemical and Matallurgical Division, Conshocton,
Ohio.

.
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for all practical put;.)ouo. 'lwonibh to view separately. On tha other
hand, the ejecta released from areas remote o the impact via {nternal
vibrations set up by such impact, table banging, offers some room for
separate evaluation. Tests have been conducted, in which the size of

the contaminatsd arca was varied, to evaluate this effect.

Vl.ntly. ssveral tests have bean conducted to deteraine the size disttibution

of the non-biological particulste ejectad due to the hypervelocity impacts,
.Hon-conuaimud targats ware testsd, using the same test apparatus as
described herein. The gelatin collection modium was repleced by pareffin

for thegs tests to simplify recovery and exsminstion of the particulate ejects.

B. [Experjrental Apparatus
Diagrams of the testing apparatus (Micropsrticle Projector) and collecting
chamber (Micrometeoroid Trap) are presented in Figures 1 and 2, respactively.

Figure 3 is the aluainua block used to form the cone ian the upper (top) of

,the collecting chanber. Figures 4 and 5 are photos of the apparatus. The

description of and background for the test materials selected hava been
previocusly presented in Documsat No. VOY-C2-TH-10, dated Decembder 1966.

Microbiological testing, sterilization of targsts and apparatus, inoculation
(artificial coutamination) of targets and post test assays weras all carried
out at General Electric’s Bioscience Laboratory, Valley Forga, Pennsylvania.




C. Preparation Prior to Firing

1.

2.

Target materials are "bic-cleaned"! and sterilized in dry heat
at 160°C for a minimm of 8 hours and then stored in sterilized

petri dishes prior to ilnoculation.

An aqueous suspension of spores of Bacillus subtilus var. niger

are sonicated for 10 minutes in an ultrasonic bath (Appendix A)
cont;ining cold water and cracked ice. An aliquot of the suspension
(0.01 milliliters) is assayed to determine the level or number of
spores actually deposited on the target. Contamination 19‘
accomplished by depositing approximately 0.01 milliliters of spore
suspension onto the center of the target. The targéts are seeded
equally on both sides. This proced;xre is followed for each set

of four tests run at the same contsmination level and on the same

day. The droplet is allowed to air-dry and forms a contaminated

area which is approximately 0.02 square inches. Aqueous stock

spore suspensions are held in a refrigerator at 4°c to prevent or retard
germination. After inoculation the targets are stored in pre-
sterilized petri dishes until ready for insertion into the testing

apparatus.

The Microparticle Projector (Figures 1 and 4) is also "bio-cleaned”
and sterilized with ethylene oxide (12X ethylene oxide, 88% freon

(dichlorodifluoromethane) prior to each test.

1 According to the techniques for cleaning stainless steel strips in
NASA Standard Microbiological Examination of Spacecraft Hardware,
June 1966, Rational Aeronautics and Space Administrationm,
Washingten D.C.
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3.

The t;oting ﬂ;paratuu (Microparticle Projec:of) is wrapped in a
polyethylens bag and sealed by foldins over the top portion of

the bag thtco foldu lnd stapling it cloud. It is placed in a
sterilizing cbamber and humidified for one hour to assure the
penetration of tha water vapor 1nto.the plastic bag. At the
end of the hmidif:lcst;ton. a vacuun u‘ d.rm on the clrmﬁbcrrto A
evacuate the air, Ethylena oxide is llow!.y introduced into the
chamber until a pressure of five pounds is reached (~. 600 ;g.
ETO(I of cbamb& space). The apparatus is exposed for a minimum of
17 hours. When sterilization is c@pi.efed tha ehmber- is evacuated

‘end the system 1s allowed to equilibrate with the atmosphere. Aflr

1s introduced into the chamber through a .45p membrane filter. The
epparatus is carried to tha testing site 1n tha Aaterniud poly-
ethylene contaiper, Sterility is mintu.n;nd until the beg is opened
for the aseptic mounting of the Micramateoroid Trap (risurel.zr'and 5).
The internal sterility is maintaived uctil the instent of tha firing
of the exploni.ve c.hérga. The reeson for the breach in sterilicy 1is
that the charges ars not sterilized; there is no effective moans of
maiataining sterility during the reéuimd handling in preparation of
the charge. (Swabbing and fallout plates have not shown evidence of
ﬁhe typical orange pigmented colonies which might be.confused with

the teat orgeniszs (Baelllus subtilus m.jnigg ).

The tucrmteoroid Trap is“‘bio-cleamsd” and atsrtli.zed in the ssma
manner as the testing apparatus (ateriuaed by xm treatzent in poly-

ethylene bag zealed with Tirs Tapel). The micrometeoroid trap 10

1 Hannfactured by Profeuioml Tape c«npany Inc., 355 Burlington An., ,
Riversids, Illinoi.s. ‘



dasigned to collect both front (top) and back (bottom) face ejecta
from the targsts. mlvc percant gehtinz is used as the collecting
medium. The 12X collecting gelatin is sterilized at 121% (250°7)
for 15 minutes and 13 pounds pressure., A sterile alumioum comne
(¥igure 3) is placed in the top collecting chauber and 30 milifliters
of sterile selatin 1- poured around it, The entire unit is placed |
1o & refrigerator at 4°C to harden tha gelatin. The bottoa half

of the trap is filled with 20 milliliters of gelatin and placed in
the sazco refri:gatator. ¥han the gelatio 1s hardered the alumiaum
cons is recovad and tha contamirated target 1is mounted between the

collecting ember halves (Figure 2). .

Firing of Charpe ’
Prior to f£iring of :he charga, a vacuum is drawn on the nictopertich»
projoctor to betwsen 543 and 10 & absolute pressure. After tho firing,

* the collecting trap is placed in & sterile polysthylens bag sod the bag
- sealed with taps., Tha trap is then returped to tha microbiological labor-

atory for assay.

Post-Firing Assay Proceduro

The gelatin is aseptically removed from the collecting trap; the top cons

portion (30 milliliters) is placed in 70 milliliters of 1% peptons waterd

to make & total volums of 100 milliliters. The bottom collecting gslatia
(20 millfliters)is placed in 80 =illiliters of IX peptone weter to muke a

total volu=a of 1060 =d11411¢ers + The golatin and water golutim are

2 produced by Difeo I.abontories, Datrott, Mich., or Pisher Scientific prany,

Manufacturing Chemists, Fairlawm, H.J.

’

3 Bacto-Peptone "D:lfc;o cart:lfud" Difco ubotatorm, Douoi; 1, Michigan
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F.

ﬁbttled and sonicated in a bath with cracked ice and cold water for

five minutes. At the completion of the ultrasonic treatment, the samples
‘a‘,:g diluted for quantitative assessment of the microorganisms rgcoveted.
'me‘smples are assayed according to the standard plate count techanique

(i‘ef. APRA)‘. Trypticase Soy Agarz is the plate count medium. Plates

_are incubated in an inverted position at 37°C and observed for microbial

colony development at 24, 48 and 72 hours.

[

Results
;rl;e 'f_omal test series of 32 tests has been completed. A compilation of
the direct assay results to date 1s presented in Tables 1 and 2,
"representing the numbers of organisms recovered as a result. of release
from the front face (top) and back face (bottom) of the targets,
respectively. In the tests at a low contamination level, the nusber of:
viable test spores recovered was extremely small and the data a‘tA these
ié‘:rela is consequently less significant. It appears that at thq 104
level we have obtained mcre significant recoveries (See data for fused |

silica, Tables 1 and 2).

Impact areas are being measured and analysis will be made to see if they
correlate with the number of organisms released from the targets. The
targets are also being assayed to determine the number of viable
organisns remaining on their surfaces (top and bottom). Reduction of
this data 1n conjunction with the initial level of contaminatiom, will

provide some measurement as to the mumbers lost or killed due to particle

macu .

1 amerfcan Public Health Assoc., Standard Methods for the Exsminstion of
‘Water and Waste Water, pp. 492-3, Amer. Public Health Assoc., Inc.,
1790 Broadway, Rew York 19, K.Y.
2 Trade Hame of Baltimore Biological Laboratories, Baltimore, Maryland.
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G.

Supplementary Tests and Test Results

TABLE BANGING i.JALUATION

Pour tests were conducted to determine the degree of table banging

pregsent in the experimental test setup. One-eighth inch thick aluminum
targets were employed. Each of the four tests were identical except that
the area of contamination was increased for each test., Contamination

areas ranged from 0.07 to 0.7 square inches. The spore smp@im. used
for contamination in all four tests, had a spore density of 1.3 x 108
spores/0.01 milliliters. Consequently, as the contaminated target area
increased, so did the total number of spores present on the target increase.

Table 3 shows the data from thesae tests.

Figure 6 depicting the number of c;rganuu recovered vs. the contaminated
area, indicates an apparent 1ncrea§e in recoveries with 1ncreu1ng con-
tamination area. Any extrapolation in the lower end of the curve is -
totally unsupportable. 7Two factors contribute to the increasing recovery
with increasing area; more inoculated organisms and a larger area permitting
more hits. Note that the point at about 0.5 in? contaminated area 1s off
the curve. In conjunction, note the far fewer hits (71) on this area.
Apparently, th.e mmber recovered is more closely related to the mumber of
hits, than to the area contamined, as seen in Figure 7.

Figure 8 incorporates the determination of hit areas for each target. The
hit area is the sum of the areas of #11 craters. Dividing the number of
recmred organisms by the hit area for any one target, puts the fe,cmty
assay data on a common basis (1); accounting for the uncontrollable
varizbles of mmber of hits and hit sizes.

(1) Assumes a uniform distribution of spores over contamined area.
-9~



Note that in Figure 8, recovery per hit area is relatively constant
regardless of the size of the contaminated area. Further evaluatiom

of these results is undervay.

DETERMINATION OF EJECTA SIZE DISTRIBUTION

The experimental apparatus described herein and shown in Figures 1, 2,
4 and S was used to evaluate the ejecta size distribution. In this
series of eight tests no biological contamination was employed. The
gelatin collection medium was replaced by paraffin since there were no
blological constraints imposed and the paraffin was more amenable to

examination.

The same four target materials were tested, namely 6061 and 202§ aluminum,
Textolite and fused eilica. Ejecta from both the impacted (front) face
and back face were collected and microscopically counted. The test data
is shown in Table 4. It may be noted that about 75X of the ejecta,
consisting of target material, cast iron fra‘n the projectiles, and

detonating charge debris, is less than five microns‘:ln major dimension.

-10-
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I TABLE 3

i

VARIABLE AREA TESTS

St 148 e

Contam.

_ Number Recovered pev Number
Number Hit Area Recogered HiT Area Areg Innoculated
of Hits {in2) (x10°) (x107) (In%) (x108)
80 0.0032 3.3 1.03 0.0755 2.6
108 0.0047 5.5 1.19 0.1960 5.2
7 - 0.0023 3.2 1.39 0.5030 7.8
217 -0.0149 13.7 0.92 1o0.7090 10.4
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" TABLE 4

PARTICLE SIZE DISTRIBUTION

3.

€ Per Size Range in Microns
Material EJecta Source® 0-5 5-10 10-15 15
6061 AL, 40 mli Top 76.5 15.0 6.0 2.5
Top 78,0 15,5 3.5 3.0

Bottom NONE

Bottom NONE
2024 AL, 3 mil Top 71.5 18.0 5.5 5.0
. Top 85.5 12.0 1.5 . 1.0
Bottom 73.5 16.0 4.5 6.0
Bottom 70.0 18.0 7.0 5.0
Fused Sllica, 15 mi| Top 84.5 12.0 2.0 1.5
Top 81.0 14,0 3.0 . -2.0
Bottom 75.0 15.0 3.5 6.3
- Bottom 81.0 114.5 2.0 2.9
Textolite, 15 mli Top 82.0 13.5 1.0 3.5
. Top 89.0 8.0 2. 1.0
Bottom 77.5 16.5 3.0 3.0
Bottom 73.0 140 4.9 9.0

*Top refers to the Impacted, or front face of the target.

+o the tack face.

Bottom refers




The ultrusonic bath (Branson Instrumsnts: gensrator, A~300 tank, LT-80;

-
power coantrol, PC-30; or equivaleant) shall conform to the following specification:

(1) The frequancy shall be 25 kc/sec,
(2) The powsr ocutput in relstion to bottom surfsce am of ths tank
shall be at least 2.3 w/sq. inch (0,35 w/ea?).
(3) If ths ultrasonic beth is not sutomaticslly tumed, tuning shall
| ba performed sccording to the menjfecturer's directions,
(4) Tho inside _sut!ccu of ths bath ehall ba ltalniata-gull. '
(5) Glass bottles contsining liquids of plece parts shall ba supported
on tho bottcm of ths tack, |
| (6) . The terporature of the bsth fluld shall be at least 25°C and cluu not
. ‘ . exmceed 37°C. The bath £luid ghell bs changed perfodically ia order to
preveat hoat-tp, To malntein a cool bath uss crecked fce. '

{(7)  Tia bath liquid shall ba at least 1 ipoch above tha leval of the liquid
s bottles beirg ultrascaicsted. o



